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(54) DEVICE FOR OBTAINING AN IMAGE OF AN OBJECT USING A STREAM OF NEUTRAL OR 
CHARGED PARTICLES AND A LENS FOR CONVERTING THE SAID STREAM OF NEUTRAL 
OR CHARGED PARTICLES 



(57) The device according to the first invention is 
adapted for producing the image of an object with the 
aid of radiation that either has been transmitted there- 
through or excited therein or else scattered thereby. A 
lens is placed between a radiation source and a means 
for placing the object, or between the latter means and 
an image-forming means that registers the distribution 
of intensity of the radiation incident thereon (or else in 
both of these spaces), which lens is made according to 
the second invention and adapted for converting a flux 
of particles (that is, focusing a diverging or quasi-paral- 
lel radiation, forming a quasi-parallel radiation from a 
diverging one, monochromatization, spatial-separation 
of different-energy particles contained in an original 



polychromatic flux, etc.). The lens comprising a set of 
radiation transfer channels (predominantly in the form of 
glass mono- or polycapillaries) is characterized in that 
the channels are arranged orderly across the lens 
cross-section with the obcervance of axial symmetry 
(i.e., mirror, central, or rotationsl), whereby interference 
of the radiation emerging from the lens occurs. The 
channels may be grouped into modules 30 which are 
arranged orderly and symmetrically, each of the mod- 
ules being in turn established by smaller modules 31 
featuring the same number, shape, and mutual arrange- 
ment. 
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Descripti n 

Technical Field 

The present invention relates to means for imaging 
an object by radiation methods when studying an object 
or forming a pattern corresponding to the structure of a 
preset-configuration object, and to means for controlling 
the flux of neutral or charged particles, namely, for 
bending the beams of such particles, focusing said 
beams, transforming a diverging radiation into a quasi- 
parallel one, and vice versa, filtration and monochroma- 
tization of said radiation, separation of particles differing 
in energy, etc. both during the process for producing the 
image of an object and when solving other problems 
encountered in medicine, nuclear physics, etc. 

Background Art 

Known in the art are methods for studying various 
objects involving formation of an image of their structure 
by exposure of the objects to the effect of a flux of neu- 
tral or charged particles (neutrons, electrons, gamma- 
quanta, X-rays, etc.), and registering the distribution of 
the radiation intensity resulting from interaction with the 
object. The thus-formed image is interpreted as the dis- 
tribution of interaction properties between the object 
and the radiation used, said properties being inherent in 
the various elements of the object, in particular, as a 
two-dimensional projection of a spatial distribution of 
attenutaion of the radiation resultant from its transmis- 
sion through the object (cf. the textbook "Production 
automation and industrial electronics", Moscow.Sovet- 
skaya entsiWopediya PH, 1964, v.3, p.277; v. 1 ; p.209 (in 
Russian). 

Similar methods are also known to be used in elec- 
tronic. X-ray, and other lithography for forming a preset 
pattern corresponding to a known structure of a spe- 
cially made object (i.e. stencil, mask); cf., e.g.,"Electron- 
ics: An encyclopedic dictionary", Moscow, Sovetskaya 
entsiWopediya PH, 1991, pp.254 - 255 (in Russian). 

The aforediscussed methods are carried into effect 
using devices, comprising a radiation source, a means 
for placing an object with a possibility of being exposed 
to the radiation, and a means for image recording, sen- 
sitive to a radiation resulting from interaction of the 
source-emitted radiation and the object. 

However, capabilities of said methods are very 
much limited unless use is made of means for control- 
ling a primary particle flux or a flux resulting from inter- 
action with the object, in particular, for controlling the 
spectrum, direction, width, divergence, and other beam 
parameters. 

Some prior-art radiation methods for producing the 
image of an object are known to use the concept 
described before and to be carried into effect with the 
aid of devices, comprising, apart from said means, also 
optical elements capable of solving some of the prob- 
lems mentioned before, in particular, controlling the 



beam width and selecting the particles that have devi- 
ated from a preset direction (cf. "Physics of image visu- 
alization in medicine", edited by S.Webb, the Russian 
translation published in Moscow, Mir PH, 1991, pp 41, 

5 101, 134). Setting aside the fact that the problems thus 
solved bear a specific nature, it is also worth noting that 
the concepts used in said methods involve the use of a 
radiation source having surplus intensity. 

Use of other types of optics in the devices of the 

10 character discussed herein is dealt with in the sympo- 
sium "X-ray optics and microscopy", edited by 
G.Schmahl and D.Rudolph, Moscow, Mir PH, 1987, 
wherein there are considered, in particular, use of Fres- 
nel zone plates for beam focusing (p.87), and grazing- 

15 incidence mirror optics (p. 174). However, Fresnel zone 
plates are characterized, due to the specific features of 
the physical concept applied, by an extremely high 
selectivity as for particle energy (wavelength), for which 
reason said plates cannot be used for controlling a 

20 broad-spectrum radiation. In addition, as it is noticed in 
said symposium, said plates should have a very small 
size and the devices making use of said plates feature a 
small angular aperture and a low aperture ratio. As far 
as said mirror optics is concerned, said optics, though 

25 having practically acceptable geometric dimensions, is 
capable, as a rule, of only a single reflection, this being 
due to extremely low magnitudes of the angle of total 
external reflection effective for the radiations of the 
ranges under discussion. Thus, the devices that make 

30 use of such optics feature but restricted possibilities for 
controlling radiation beams, as well as an extremely 
small angular aperture which corresponds to too low 
magnitudes of the angle of total external reflection. 
One more prior-art device for producing the image 

35 of an object (US Patent No.5,175,755 published 
December 29, 1991) is of a more perfect design. The 
device makes use, for controlling a radiation beam, of 
an optical system which appears as a lens established 
by a set of channels having reflecting walls and adapted 

40 for radiation transport. A variety of modes of controlling 
a flux of particles are provided in a device having such 
an optical system, said modes being specified in said 
US Patent, in particular, transforming a divergent radia- 
tion into a quasi-parallel one before exposing the object 

45 to said radiation, transporting a broad-spectrum radia- 
tion in conjunction with a possibility of cutting-off the 
hard radiation component, and transforming the size of 
the resultant image. 

US Patent No.5, 192,869 published March 9, 1993 

so discloses the construction of a lens for transforming the 
f lux of neutral or charged particles which is more perfect 
compared with the aforementioned means for control- 
ling a flux of particles and is suitable for use as a com- 
ponent part of a device for producing the image of an 

55 object. The lens in question mates use of rigid support- 
ing elements spaced some distances apart from one 
another lengthwise the length so as to provide a rigid 
fixing of the channel-forming elements at places where 
they pass through the holes in the supporting elements. 
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An appropriately selected arrangement of said holes 
enables one to attain the correspondence of the axial 
lines of individual channels to the generating surfaces of 
a required shape. In order to meet the conditions of the 
radiation transport along the channels without a consid- 
erable loss, the cross-sectional dimensions of each indi- 
vidual channel must be as small as possible. However, 
the aforementioned construction involving the use of a 
mechanical assembly procedure sets limits on a mini- 
mum channel cross-sectional dimension. In particular, 
with radiation transport channels made as glass capil- 
laries or polycapillaries having a diameter of the order of 
300 microns, they loss their properties required for 
proper assembling. Thus, the capillaries or polycapillar- 
ies start "soaring" in the air, they cannot be given a 
required radius of curvature during assembling, and the 
capillaries are liable to sag between the point of sup- 
port. Such a restriction for their diameter results in that 
the radiation cannot be focused into a spot having a 
diameter smaller the capillary inside diameter or the 
polycapillary outside diameter. The least focal spot 
diameter attainable with such lenses is 0.5 mm, which 
means that it is impossible to provide high concentration 
of radiation due to too a large focal spot diameter. 

A finite size of she channels imposes limitation on 25 
the range of energies used. With a preset focal length f, 
even though the radiation source is a point-like one, a 
minimum angle of radiation incidence on the capillary 
peripheral zone is 0 = d/2f , where d is the channel 
diameter. 30 

To provide an efficient radiation transfer, it is desira- 
ble that the parameter 0 approximates or will even be 
less than the critical angle of reflection 0 C , because the 
critical angle decreases as the energy increases. This 
condition restricts the use of high energies in lenses of 35 
the first and second generations. For instance, with an 
X-ray energy E = 10 keV, radiation capture into the 
channel is not in excess of 1 5%, and with an increase in 
the focal length the capture angle decreases and hence 
the efficiency of the system decreases, too. It follows 40 
from all stated before that it is necessary to change over 
to radiation transfer channels having cross-sectional 
dimensions down to microns and submicrons, which is 
impossible, due to the aforementioned reasons, with the 
construction described before and involving the use of 45 
mechanical assembling during its manufacture. 
Mechanical assembling is causative of one more disad- 
vantage. Angular divergence is determined by the 
expression: A0 = ALA. , where AL is the sum of varia- 
tions of capillary diameter and the diameter of a hole in so 
the support disk. L is the distance between the disks 
which is not to exceed 1 - 3 cm. With AL being about 
10% of said diameters and the value of the latter of the 
order of 500 microns, A0 is of the order of 5 • 10" 3 rad. 
which proves to be inacceptable for many applications, ss 

The afbredescribed device and lens as taught in US 
Patents Na5, 175,755 and No.5, 192,869, respectively 
are most closely pertinent to the herein-proposed ones. 
Their capabilities are restricted, apart from the factors 
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mentioned before, also by the fact that there are utilized 
only the channelling properties of individual channels 
functioning independently of one another. |n this case 
the wave properties of the particles being channelled 
are exhibited only when said particles are reflected from 
the channel walls during their transferring along said 
channels, this being due to the fact that no measures 
are taken in the lens construction for displaying the 
effect of interaction between particles after their having 
been transferred along the different channels. This lim- 
its the attainable degree of radiation concentration to a 
geometric accuracy of orientation of the channels 
towards a desired point, and also precludes energy sep- 
aration of particles whenever it becomes necessaryand 
monochromatization of the radiation with the aid of the 
lens itself, without resorting to any other means. The 
restrictions stated above affect adversely the capabili- 
ties of the device for producing the image of an object 
which comprises an optical system in the form of a lens 
built up of a set of channels having reflecting walls, for 
radiation transfer; in particular, said restrictions pre- 
cludes any increase in the resolution of the device, 
reduction of the radiation load the object under exami- 
nation is exposed to, and use of a lower-power radiation 
source. 

Disclosure of the invention 

As far as a device for producing the image of an 
object is concerned, the present invention is aimed -at 
increasing the efficiency of utilization of a radiation in 
the form of a flux of neutral or charged particles for pro- 
ducing an image appearing as the distribution of inten- 
sity of the radiation after its interaction with the object. 
The obtained technical result resides in a higher resolu- 
tion in conjunction with a reduced effect of radiation pro- 
duced on the object accompanied by an increased 
intensity of radiation acting on the sensing elements 
(sensors) of an image forming means. The aforesaid 
factors acting jointly contribute to an extended range of 
media under examination and of those serving the car- 
riers of the resultant image. 

As far as a lens for converting a flux of neutral or 
charged particles is involved, the present invention is 
aimed at increasing an attainable degree of radiation 
concentration, including concentration of a radiation 
corresponding to different wavelengths of an input flux 
in various space regions. The construction of the lens 
proposed in the present invention overcomes the 
adverse effect of technological restrictions inherent in 
the known lens adopted as the prototype. 

Furthermore, the proposed inventions provide for 
some other kinds of technical advantages in a variety of 
particular cases of their embodiment and application, 
which are the subject of a detailed description that fol- 
lows hereinbelow. 

The herein-proposed device for producing the 
image of an object comprises, like the known device dis- 
closed in US Patent N6.5,1 75,755, a source of radiation 
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in the form of a flux of neutral or charged particles, a 
means for arranging an object with a possibility of being 
exposed to the effect of radiation generated by said 
source, a means for image formation providing a possi- 
bility of recording the distribution of intensity of the radi- 5 
ation after its interaction with the object, and an optical 
system, which incorporates at least one lens aimed at 
converting a fiux of particles and interposed between 
the radiation source and the means for placing the 
object or between the latter means and the means for w 
image formation, said lens being established by a set of 
channels for radiation transfer, having reflecting walls. 
Unlike the heretofore-known device, the herein-pro- 
posed device features ail or part of the channels estab- 
lishing the lens for converting the flux of particles, 75 
arranged orderly across the lens, observing axial sym- 
metry. 

In this case there may be observed, for all the chan- 
nels arranged orderly across the lens, in particular, the 
condition of mirror symmetry with respect to one or two so 
mutually perpendicular axes of said lens cross-section. 
An ordered arrangement of the channels observing a 
central or rotational symmetry with respect to the lens 
longitudinal axis is also possible. 

It is the due observance of symmetry that makes 25 
possible a coherent interaction between equal-energy 
particles emitted by the radiation source and,after hav- 
ing passed through the lens, coming along various 
paths, at the same space point of convergence, as well 
as the onset of interference phenomena which lead ulti- 30 
mately to the aforementioned technical result 

A particle flux converting lens (or any of such 
lenses making part of the optical system if a number of 
the lenses are made use of) can be established by 
snugly positioned miniature lenses whose total cross- 35 
section is variable along the length of the lens in accord- 
ance with a required longitudinal profile thereof. Such a 
construction arrangement of the lens makes it possible 
to dispense with the need for use of supporting ele- 
ments as means forming the longitudinal lens profile 40 
and determining the shape of the lens channels, and 
eliminates restrictions inherent in mechanical assem- 
bling involving the use such supporting elements. 

An increased efficiency of radiation focusing which 
is the most important result of the aforedescribed 45 
embodiment of a lens (lenses) making part of the pro- 
posed device for producing the image of an object, pro- 
motes both higher resolution and radiation intensity in 
the zone of location of the image formation means high 
enough for the image to record, and also contributes to so 
a lower intensity of radiation the object is exposed to. 

The most efficient is such a device for producing the 
image of an object that makes use of a lens (lenses), 
wherein the channels arranged orderly across the lens 
in keeping with axial symmetry, are grouped together ss 
into similar modules which are arranged orderly across 
the lens in keeping with axial symmetry. Each of said 
modules (referred to as the first-level modules) may in 
turn be established by the second-level modules featur- 



ing the same shape, mutual arrangement, and number 
as the first-level modules. Accordingly, the second-level 
modules may be formed by the smaller third-level mod- 
ules, and so on. Each of the highest-level modules may 
in fact be a miniature lens. 

According to one of the groups of specific embodi- 
ments of the proposed device the image formation 
means is so arranged as to make it possible to transfer 
thereto the radiation that has passed through the object. 

In one of such cases the optical system comprises 
a number of asymmetric lenses, each of which is capa- 
ble of reducing the image being generated, said asym- 
metric lenses being interposed between the means for 
placing an object and the means for image formation in 
such a manner that each of said asymmetric lenses 
transfers the radiation from the object elements nearest 
to the lens entrance end, and all the asymmetric lenses 
makes it possible to produce a mosaic image of the 
object. Thanks to such an embodiment of the device the 
dose of radiation the object is exposed to is reduced in 
direct proportion to the degree of reduction of the image 
size and focusing the radiation emerging from asym- 
metric lenses. 

According to another specific embodiment of said 
group, an optical system comprises an image-enlarging 
diverging hemilens interposed between the means for 
placing the object and the image forming means, said 
hemilens being made up of conical capillaries or poly- 
capiliaries. The radiation source may be positioned at 
the focal point of said diverging hemilens or on its opti- 
cal axis in an out-of-focus position. In the latter case 
there is provided energy filtration of the captured parti- 
cles. With the same purpose in view, when using a 
finite-size radiation source having an exit aperture 
shaped as a circle, the central portion of the latter can 
be shielded. 

The optical system in the embodiments considered 
hereinbefore and characterized by the provision of a 
conical diverging hemilens for image enlarging may also 
comprise a second diverging hemilens made up of con- 
ical capillaries or polycapillaries and having a smaller 
size in cross-section as compared with the first one, 
said second hemilens being interposed between the 
radiation source and the means for placing the object. 
This feature enables one to produce an image having 
adequate cfimensions and to reduce the object expo- 
sure dose. 

In the aforedescribed particular cases the object is 
exposed to a directly diverging radiation generated by 
the source. According to one more specific embodi- 
ment, the optical system comprises a lens or hemilens 
for forming a quasi-parallel beam of particles, which is 
interposed between the radiation source and the means 
for placing the object. 

A source of diverging radiation may be made with a 
possibility of forming two characteristic Ka spectral 
lines, tn this case the optical system comprises also a 
rotary filter-window placed either before or after the lens 
or hemilens aimed at forming a quasi-parallel beam. 
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The filter-window incorporates two alternating sectors, 
each aimed at suppressing the radiation of either of the 
K a spectral lines. The lens or hemilens mentioned 
above features its longitudinal axis having a bend aimed 
at cutting off the hard radiation component, or has a 5 
straight longitudinal axis, in which case a set of parallel 
capillaries is placed before the object in order to cut off 
the hard radiation component Such being the case, 
there are formed periodically two images corresponding 
to the results of interaction between the object and the 10 
particles having the energy corresponding to said K a 
spectral lines, thus providing prerequisites for forming a 
final image by subtracting one of said two images from 
the other, which makes it possible to enhance the 
degree of intelligence of said image due to suppression 15 
of the interfering background. 

In a further particular case also characterized by 
the use of a diverging radiation source involving a pos- 
sibility of forming two characteristic spectral lines, 
the optical system comprises two lenses or hemilenses 20 
for forming quasi-parallel beams arranged at an angle to 
each other, and two crystals monochromators for dis- 
criminating, by each of them, either of the spectral 
lines, said crystals being positioned past said lenses or 
hemilenses with a possibility of reflecting monochroma- 25 
tized beams towards the means for placing the object. 
The device comprises also a second means for image 
faming, each of the image forming means being 
located past the means for placing the object with a pos- 
sibility of receiving the radiation reflected from one of 30 
the crystals monochromators after its having passed 
through the object. The device thus embodied is also 
capable of forming two images corresponding to differ- 
ent K tt spectral lines. 

In a yet further particular embodiment of the device 35 
the optical system comprises a lens positioned between 
the radiation source and the means for placing the 
object, said lens being capable of focusing the radiation 
inside the object in order to produce the image of its ele- 
ment whereon focusing is carried out In this case the 40 
radiation source, said lens, and the means for image 
forming are capable of a joint rotary motion with respect 
to the means for placing the object without affecting 
their mutual arrangement and that of the radiation 
focusing point, said point being the center of said rotary 45 
motion. Such a construction arrangement makes it pos- 
sible to concentrate the radiation at the same element of 
the object throughout the entire observation time with- 
out irradiating, during said period of observation, the 
same elements surrounding the one under observation, so 
It is due to said feature that said elements are exposed 
to radiation alternately, that is, during only a part of the 
observation time and at a lower radiation concentration 
than the element under observation. 

According to another group of specific embodi- ss 
merits of the proposed device the image forming means 
is so positioned as to make possible transferring thereto 
the secondary radiation that has been either scattered 
or excited in the substance of the object as a result of 



interaction between said substance and the radiation 
generated by the source. 

In one of said particular embodiments the radiation 
source is capable of forming a flux of electrons or ions 
for exciting a secondary X-ray radiation in . the substance 
of the object, and the optical system comprises a 
hemilens adapted for transferring said secondary radia- 
tion to the image-forming means and being capable of 
scanning the object with its focal point 

In one more particular embodiment of said group 
the optical system comprises a lens for transferring the 
radiation generated by the source, to the object, and a 
lens for transferring the secondary radiation to the 
image forming means, both of said lenses having a 
common focal point and being jointly movable for scan- 
ning the object with their common focal point. 

In both of the aforesaid particular embodiments a 
means for beam monochromatization may be inter- 
posed between the lens for transferring the secondary 
radiation to the image forming means and the latter 
means, said monochromatization means being pro- 
vided, in particular, as a doubly curved crystal. 

A polarizing target may be interposed between the 
lens for transferring the radiation to the means for plac- 
ing the object and said means, said target being capa- 
ble of changing the direction of the beam reflected 
therefrom by 90° with respect to the beam incident ther- 
eon. The polarizing target may be in the form of a crystal 
monochromator. 

According to one of the particular embodiments.of 
the device, wherein provision is made for confocal 
lenses of which one transfers radiation to the means for 
placing the object and the other transfers the secondary 
radiation therefrom, the latter lens may have radiation 
transfer channels symmetrical with respect to the opti- 
cal axis and a focal point situated in the space between 
the lens exit end and the image forming means, a micro- 
aperture being provided in said space with a possibility 
of scanning the image of the object 

Such a construction arrangement enables the 
device to be used for an elementary analysis of a sam- 
ple serving as an object The device can thus be 'tuned' 
to a specific value of energy of the secondary-radiation 
particles by positioning the microaperture on the lens 
optical axis, said lens transferring the secondary radia- 
tion, with displacement out of focus corresponding to 
the energy E of the particles, by the following value: 

Af = ff. 

where f is the focal length corresponding to the 
energy E; and 

AE is the required resolution value with 
respect to the energy E. 

In order to suppress a background developed by 
the second radiation with the energies that are of no 
interest, those areas of the lens cross-section over 
which the particles having such energies are mostly 
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propagated can be closed on the lens exit with a circular 
(when the central lens portion is involved) or an annular 
(in the case of the lens layers removed from its axis) 
radiation-tight shield. 

In a further particular embodiment which provides 
image producing with the aid of Compton radiation scat- 
tered by the object, the optical system comprises a lens 
positioned between the radiation source and the means 
for placing the object, and adapted for forming a quasi- 
parallel beam. In this case a collimator appearing as a 
system of straight capillaries, is interposed between the 
means for placing the object and the image forming 
means. The radiation source, the lens, the collimator, 
and the image forming means are situated in the same 
half-space with respect to the means for placing the 
object. 

In a yet further embodiment, wherein the image of 
an object is produced with the aid of Compton radiation 
scattered by the inner elements of the object, the optical 
system comprises a lens interposed between the radia- 
tion source and the means for placing the object and 
adapted for focusing the radiation inside the object, and 
a collimator in the form of a system of conical capillar- 
ies, said collimator being focused at the same point as 
the lens. The collimator is interposed between the 
means for placing the object and the image forming 
means, while the lens, the collimator, and the image 
forming means are situated in the same half-space with 
respect to the means for placing the object and are 
jointly movable with respect thereto without changing 
their mutual arrangement, whereby the object can be 
scanned with a common focus of the lens and collima- 
tor. 

In both of the particular embodiments mentioned 
above the fact that all the elements of the device are 
located in the same half-space with respect to the 
means for placing the object enables one to examine an 
object accessible only unilaterally. 

A still yet further particular embodiment of the 
device makes use of both the radiation transmitted 
through the object and that scattered by its internal ele- 
ments. With this purpose in view the device comprises a 
source of a plane-polarized radiation, and the optical 
system incorporates a lens built up of square mono- or 
polycapillaries having similarly oriented walls and inter- 
posed between the radiation source and the means for 
placing the object said lens being capable of focusing 
the radiation inside the object. In addition, the optical 
system comprises another lens composed of conical 
capillaries, said lens being located before the image- 
forming means and having a common focal point with 
said lens for focusing a plane-polarized radiation. An 
optical axis of the lens composed of conical capillaries 
is arranged square with the optical axis of the lens for 
focusing a plane-polarized radiation in th plane of the 
vector of magnetic field intensity of said radiation. A 
possibility is provided for use of one more image form- 
ing means and a lens composed of conical capillaries, 
both being situated symmetrically with those mentioned 



above, on the other side of the means for placing the 
object. The device, according to the specific embodi- 
ment under consideration, comprises also a lens for 
forming a quasi-parallel beam, said fens being situated 

5 on an extension of the optical axis of the lens for focus- 
ing a plane-polarized radiation and being contocal 
therewith, said additional image-forming means being 
positioned past said quasi-parallel-beam forming lens. 
In this case the radiation source, all the lenses men- 

10 tioned above, and both of the image forming means are 
conjointly movable with respect to the means for placing 
the object without affecting the mutual arrangement of 
said components, thus making possible, similarly to the 
preceding embodiment, scanning of the object Use of 

15 both the scattered radiation and the radiation transmit- 
ted through the object adds to the scope of information 
obtained on the object under examination and makes it 
possible, other things being equal, to reduce the expo- 
sure dose of the object. 

20 The herein-proposed lens for converting a flux of 
neutral or charged particles which is an element of the 
optical system of the device considered hereinbefore in 
every particular embodiment thereof, is established, like 
the known lens disclosed in US Patent No.5,192,869, by 

25 a set of radiation-transfer channels having reflecting 
walls. Unlike said known lens, all or part of said chan- 
nels of the proposed lens are arranged orderly across 
the lens according to axial symmetry. In particular, there 
are possible the kinds of symmetry stated hereinbefore 

30 in the summary of the invention concerned with the 
device for producing the image of an object. 

In a particular case all the channels of the lens may 
have straight longitudinal axes which may be both paral- 
lel and convergent (divergent). In the latter case the 

35 channels are cone-shaped. Interference phenomena 
occurring due to orderly and symmetrical arrangement 
of the channels across the lens, make it possible to 
focus the lens emergent radiation even with the parallel 
channels said lens is formed by. 

40 In the particular embodiments of the lens, wherein 
the channels the lens is formed of, are bent (save the 
central channel), their bend is the same for the channels 
equally spaced apart from the axis or plane (planes) of 
symmetry of the lens in its longitudinal section. This 

45 enables one to meet the condition of an orderly and 
symmetrical arrangement of the channels in any cross- 
section of the lens and to provide focusing of the emer- 
gent radiation using not only the guiding properties of 
the channels forming the lens but also the interference 

so phenomena occurring in the space, wherein the lens 
emergent radiation propagates (on the base of reciproc- 
ity the lens possesses similar properties when function- 
ing "as receiver 1 *, that is, with respect to the diverging 
radiation emitted by a quasi-point-like source and ind- 

55 dent on its exit end the lens may serve as a means for 
forming a quasi-parallel beam). Cross-section of the 
channels is variable along their length in accordance 
with a change in the lens cross-section as a whole, 
whereby the channels can be placed snugly, thus mak- 
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ing it possible to do away with the use of supporting ele- 
ments when assembling the lens. 

When the lens channels are bent the lens can be 
shaped as a flare or funnel, a half-barrel, a symmetrical 
or unsymmetrical barrel, etc. s 

Whenever the outer side surface of the lens is con- 
vex-shaped (in particular, has the shape of a half-barrel, 
barrel, etc.), with the purpose of providing most favour- 
able conditions for interference of the emergent radia- 
tion (from the standpoint of its efficient focusing), the 10 
channels are expedient to be arranged round the lens 
longitudinal axis in layers featuring the same total cross- 
sectional areas o1 the channels belonging to said layers, 
the radii of the bent channels (i.e., all of them save the 
central one) decreasing in the direction from the lens is 
longitudinal axis towards the lens periphery. It is an 
inversely proportional relationship between the bending 
radius and the number of the layer counting from the 
central one located on the lens longitudinal axis that 
proves to be most expedient. 20 

Best results are attained when one of the following 
quantitative relations is observed: 

(a) Radii of curvature of all bent channels are note 

to exceed 2 s 

R c =2d/0* . 

where d is the channel diameter; and 

© c is the critical angle of reflection for the 30 
least-energy particles in the spectrum of 
the radiation being transferred; 

(b) Radii of curvature of all bent channels have a 
minimum value of 35 

where d is the channel diameter; and 

€> c is the critical angle of reflection for the 40 
highest-energy particles in the spectrum 
of the radiation being transferred; 

(c) Radii of curvature of all bent channels meets the 
condition "a" and are inversely proportional to the 45 
number of the layer they belong to (when the num- 
bers of layers are counted in the direction from the 
lens longitudinal axis towards the periphery 
thereof). 

50 

The channel curvature may also be variable length- 
wise the lens, in particular, monotonically variable. 

The channels may have a helical surface, which 
promotes controlling a polarized radiation. It is practica- 
ble for a lens having such channels that all its channels 55 
feature the same hand of helix, or the channels of the 
various groups have opposite hands of helix 

The assembly procedure of the lens can be facili- 
tated and its accuracy be enhanced when the lens is 



made up of similar modules arranged orderly in the lens 
cross-section with due observance of an axial symme- 
try (in particular, a symmetry with respect to mutually 
square cross-sectional axes). In this case said modules 
(the first-level modules) can be composed of smaller 
modules (the second-level modules), which in turn can 
be built up of yet smaller modules (the third-level mod- 
ules), and so on. Each individual module of a given level 
is formed by the modules of a smaller level taken in the 
number equal to the number of the first-level modules 
having the same shape and mutual arrangement as the 
first-level modules. 

In all the embodiments of the lens mentioned 
before its channels may be established, in particular, by 
the inner walls of glass mono- or polycapillaries. 

In all particular embodiments of the lens the inner 
walls of its channels can be provided with coatings hav- 
ing at least one layer and establishing, together with the 
walls themselves, a multilayer structure, wherein its 
adjacent layers have different electromagnetic proper- 
ties. Moreover, the interface between at least two adja- 
cent media may be in another phase state compared 
with their base layer. This makes it possible, when chan- 
neling the particles, to use not only the phenomenon of 
multiple reflection but also diffuse and potential scatter- 
ing, which contributes to an increase in the angle of 
radiation capture and improves channeling of charged 
particles (when the coating is electrically conducting 
and superconducting) and of neutral particles (when the 
coating appears as a magnetic layer), etc. 

There may be applied diffraction structures having 
one or more periods to the inner walls of the channels, 
which makes it possible, using the lens, to monochro- 
matize the radiation incident on its entrance and to 
divide said radiation into fluxes corresponding to the 
various spectral lines (when the coatings are applied as 
diffraction structures having several periods), etc. 

An embodiment of the lens is also possible, 
wherein use is made of a single reflection in each of the 
lens channels for transforming a diverging radiation into 
a quasi-parallel one, or for focusing the latter radiation. 
Such being the case, the channels have their butt ends 
located on two concentric spherical surfaces. The axes 
of the channels are radially oriented, and their length 
and cross-sectional dimensions are so selected as to 
provide a single reflection with a possibility of radiation 
capture within the limits of the quadruple magnitude of 
the critical angle of reflection when the radiation source 
is located on the lens optical axis and spaced apart from 
the inner spherical surface a distance equal to half its 
radius. 

According to the various embodiments the lens 
may be a set of miniature lenses, in particular, placed 
snugly and having a total cross section variable length- 
wise the lens according to the longitudinal profile 
thereof. In particular, in the aforementioned embodi- 
ment of lens composed of the first-, second-, and 
higher-level modules each module of the highest level 
may be a miniature lens. In this case a variety of minia- 
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ture lenses may be provided, e.g., those belonging to 
the different layers encompassing the iens longitudinal 
axis, featuring different angles of radiation capture and 
different focal lengths. 

The lens may comprise, apart from the channels 
orderly arranged across it, also randomly arranged 
channels, and the latter channels may outnumber the 
orderly arranged ones. 

Brief Description of the Drawings 

In what follows the herein-proposed invention is 
illustrated by the accompanying drawings, wherein: 

F1G.1 illustrates producing the image of an object 
irradiated by a quasi -parallel beam of particles, 
involving the use of a reducing hemilens; 
FIG.2 illustrates producing the image of an object 
irradiated by a divergent beam of particles with the 
aid of a reducing asymmetrical lens; 
FIG.3 illustrates producing an enlarged image of 
the object inner element, using the radiation trans- 
mitted through the object; 

FIG.4 illustrates producing a mosaic image of an 
object, using a source of diverging radiation and a 
system of reducing asymmetrical lenses; 
FIG.5 illustrates producing an enlarged image of an 
object with the use of a diverging radiation source 
and a conical hemilens; 

FIG.6 illustrates producing the image of an object 
with the use of a diverging radiation source, a coni- 
cal lens for filtering the radiation, and an enlarging 
conical hemilens; 

FIGS.7 and 8 show particular cases of producing 
alternating images of an object corresponding to 
two K a spectral lines, said cases differing in the 
techniques or cutting-off the hard spectral portion; 
FIG.9 illustrates simultaneous producing of the 
images of an object which correspond to two K a 
spectral lines; 

FIG.10 illustrates producing the image of an inner 
object element, whereon the source-emitted radia- 
tion is focused, without exposure of the same tis- 
sues surrounding said element to a constant effect 
of radiation; 

FIG.1 1 illustrates producing the image of an object, 
using the object-scattered radiation; 
FIG. 12 illustrates producing the image of an object 
involving focusing of the image-transferring tens on 
one of the elements of the object, and irradiating 
the latter by a flux of particles exciting X-rays; 
FIG. 13 is a view of FIG. 12 involving monochromati- 
zation of a secondary radiation; 
F1G.14 shows the use of a conical hemilens 
focused on one of the object elements, for transfer- 
ring the secondary radiation, and an asymmetri- 
cally cut doubly curved crystal monochromator; 
FIG.1 5 producing the image of an object, using 
backscattered Compton radiation; 



FIG.1 6 is a view of FIG.1 5 involving focusing the 
source-emitted radiation on the inner element of the 
object; 

FIG.1 7 shows simultaneous producing of the 
5 images of an object, using a radiation that has 
passed through the object and been scattered by it, 
the object being exposed to the effect of a plane- 
polarized radiation; 

FIG. 18 shows an ordered structure of channels in 
10 the lens cross section, featuring a mirror symmetry 
with respect to two axes, as well as a central and a 
rotational symmetry; 

FIG.1 9 shows a cross-sectionally symmetrical lens 
made up of planar structures; 

is FIG.20 shows a cross-sectional lens structure pos- 
sessing a rotational symmetry alone; 
FIG.21 shows the use of a set of parallel straight 
capillaries as the lens, and distribution of the inten- 
sity of emergent radiation in the focal plane; 

20 FIG.22 shows a symmetrical structure of the lens 
cross section, said lens being made up of rectangu- 
lar-shaped modules, and a module of said structure 
built up of smaller modules of the second level; 
FIG.23 is a view of a lens in the form of a bundle of 

25 bent capillaries; 

FiG.24 is a view of a polycapillary featuring a cross- 
section invariable with length; 
FIG.25 is a view of a lens in the form of a set 
(assembly) of miniature lenses; 

30 FIG.26 is a view of a conical lens made with the use 
of miniature lenses; 

FIG.27 is a view of a lens (hemilens) shaped as a 
half-barrel and adapted for transforming a diverging 
radiation into a quasi-parallel one (or for focusing a 
35 quasi-parallel radiation); 

FIG.28 is a view of a barrel-shaped lens for focus- 
ing a diverging radiation; 

FIGS.29 and 30 depict asymmetrical lenses for 
focusing a diverging radiation, said lenses featuring 
40 a constant and a variable bending radius of the 
channels, respectively, in a longitudinal lens sec- 
tion; 

FIG.3 1 is a view of a funnel-shaped lens having a 
concave lateral surface; 

45 FIG.32 is a view of a lens having coaxial channels 
or layers of channels featuring a symmetry with 
respect to the longitudinal lens axis; and 
FIG.33 shows a lens for transforming a diverging 
radiation into a quasi-parallel one (or for focusing a 

so quasi-parallel radiation), said lens being made in 
the forms of a set of radially oriented channels and 
being capable of a single reflection of the radiation 
being transformed. 

55 Best Methods for Carrying Out the Invention 

As has been stated hereinbefore in the disclosure 
of the herein-proposed invention concerned with a 
device for producing the image of an object, said device 
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is capable of producing a direct-shadow image in the 
radiation transmitted therethrough, and an image in the 
form of a distribution of the intensity of a radiation scat- 
tered by the object or excited in its substance. 

When considering the operation of the proposed in 5 
detail, unless it does not affect the correct understand- 
ing, the term "object" is employed for the sake of brevity 
rather than the term "means for placing the object" 
(inasmuch as when describing the operation of the 
device, it is essential an interaction between the radia- 10 
tion and the object itself rather than interaction with the 
means for its arrangement, though it is said means, not 
the object that proves to be the unit of the device). 

An embodiment of the device according to the 
former of the cases mentioned hereinabove is illustrated is 
in FIG.1, wherein an object 2 is irradiated by a quasi- 
parallel flux of particles (means for forming said flux, 
e.g., a synchrotron, are omitted in the Drawing). The 
radiation transmitted through the object 2 is transferred 
to an image forming means 4 by an image-reducing 20 
hemilens 3. As it has been stated above, this makes it 
possible to decrease the object exposure dose without 
reducing the radiation intensity, which becomes practi- 
cable due to concentration of the radiation effected 
when the image size is reduced by the hemilens 3. 25 
Used as the means 4 may be any radiation receiver 
(detector) that enables one to visualize the image 
detected (e.g., a film-loaded magazine, an X-ray image 
intensifier, etc.; cf., in particular, "Physics of image visu- 
alization in medicine", edited by S.Webb, Moscow Mir 30 
PH, 1991 , vol.1 (the Russian translation). 
When observing the condition 

0, s{d,/d 2 )e 2l (1) 

35 

where ®i is divergence of a quasi-parallel beam; 

©2 is divergence of the emergent radiation 

of the hemilens 3; and 
d Q ,d 1 are the entrance and exit diameters, 40 

respectively, of the hemilens 3, 

the minimum loss in the radiation being transferred is 
attained This makes it possible to reduce the power of 
the radiation source and the object exposure dose. 45 

When the object 2 is exposed to radiation emitted 
by a source 1 having finite dimensions and generating a 
diverging radiation (FIG.2), which after having passed 
through the object 2, is transferred to the image forming 
means 4 with the aid of the asymmetric lens 3 that so 
reduces, as in the preceding case, the image size, the 
following condition is to be met: 

b/f = (d 1 /d 0 )e 2 , (2) 

55 

where b is the diameter of the exit aperture of the 
radiation source 1 ; 

f is the distance from the radiation source 1 to 
the object 2; 



d Q , di are respectively the entrance and exit 
diameters of the asymmetric lens 3; and 
02 «s divergence of the emergent radiation of 
the asymmetric lens 3 which is incident on the 
image forming means 4. 

In order to produce an enlarged image of an inner 
element 6 of the object 2 (FIG.3) the radiation emitted 
by the source 1 is focued on said element 6 by means of 
a lens 5. The image forming means 4 is in this case 
spaced apart from the object 2 a distance that depends 
on the desired degree of image magnification. 

Information about the object can be obtained in 
divergent beams (FIG.4); in this case located past the 
object 2 is a system of the converging lenses 3, and sit- 
uated behind said system is the image forming means 4 
in the form of a mosaic pattern established by the sys- 
tem of the hemilenses 3, while the radiation source 1 is 
located at the focal point of said system. In this case the 
relation (2) must hold true for each of the hemilenses 3. 
Such an embodiment of the device can find application, 
in particular, for mammography. 

According to one of the embodiments the image of 
the object 2 is transferred with the aid of a diverging lens 

7 at the focal point of which the radiation source 1 
(FIG.5) is situated. In said embodiment the elements of 
the lens 7 are made up of conical channels that flare up 
towards the image forming means 4. Spatial resolution 
of such an optical system approximates the diameter of 
the transfer channel at the lens entrance. :> 

The radiation may be subjected to filtering before 
the object, using another conical lens T located before 
the object 2, and a secondary scattered radiation result- 
ing in the object 2 may be suppressed with the aid of the 
lens 7 (FIG.6), which is an improved version of a medi- 
cal raster. 

A number of embodiments of the proposed device 
aimed at use predominantly in angiography, is shown in 
FIGS.7-9. 

In an embodiment of FIG.7, the radiation source 
emits photons featuring two K a spectral lines (in angiog- 
raphy these lines are above and below the line of 
absorption of iodine, i.e., near 33 keV). A rotary window 

8 is filled with a filter which at one instant absorbs one of 
the abovesaid lines and passes the other line, and at a 
next instant it reverses its action. The aforesaid window 
may also be placed past the lens. A lens 10 renders the 
beam quasi-parallel and at the same time cuts off, due 
to the presence of a bend therein, the hard radiation 
component emitted by the X-ray tube. 

FIG.8 shows an embodiment of the device, wherein 
used for cutting off the hard radiation component is a set 
11 of parallel capillaries which is located past a 
hemilens 9 which forms a quasi-parallel beam. 

In a further embodiment (FIG;9) the image is trans- 
ferred with the aid of two hemilenses 9, 9\ two crystals 
monochromators 12, 12\ and two image-forming 
means. In this case one of the K„ spectral lines is trans- 
ferred and reproduced with the use of the crystal mono- 
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chromator 12 and the image-forming means 4, and the 
other K a spectra! line, by means of the crystal mono- 
chromator 12' and the image-forming means 4*. 

Protective shields 13, 13' are provided lest the radi- 
ation emitted by the source 1 gets directly on the object 
2. 

The hemilenses 9, 9' form quasi-parallel beams, 
while the crystals monochromators 12, 12' provide for a 
monochromatized radiation corresponding to one of 
said K a spectral lines. In allthe three embodiments dis- 
cussed before (FIGS. 7 - 9), one more lens may be pro- 
vided before each of the image-forming means, said 
lens being aimed at reducing the image size and serv- 
ing also for decreasing the patient's exposure dose. In 
order to attain an efficacious reduction of the exposure 
dose, the beam divergence 0<i before the patient should 
satisfy the condition: = © c ( d i /d o) - where e ° is 
the critical angle of reflection with the energy E = 33 
keV, and the factor (d n /d Q ) 2 is the ratio between the exit 
and entrance cross-section areas of the lens. 

The two resultant X-ray images (which alternate 
with each other periodically in the device of FIGS.7, 8, 
or exist concurrently in the device of FIG.9), are proc- 
essed jointly, using the subtraction method, with the 
resultant suppressed-background image, wherein the 
object elements of interest for the operator, such as 
blood vessels, are more readily discernible. 

According to one of the variants of practical applica- 
tion of the proposed device, wherein an image is formed 
with the aid of the radiation that has passed through the 
object, the radiation is focused on the inner element 6 of 
the object 2 which is the target of examination, e.g., a 
tumor (FIG.10), using the lens 5. The image forming 
means 4 is located on the optical axis of the lens 5 on 
opposite side of the object 2. The radiation source 1 , the 
lens 5 and the image forming means 4 are positioned 
stationary with respect to one another but a system their 
make up jointly is rotatable round the center which is in 
fact the point 6 of radiation focusing. The radiation 
source 1 and the image forming means 4 are movable 
over spherical surfaces of the corresponding radii (such 
a surface 14 for the radiation source 1 being indicated 
with dashed lines in FIG.10). It is due to such a move- 
ment that the radiation is constantly concentrated on, 
e.g., the tumor 6 whose image is to be produced, 
whereas the tissues surrounding the tumor are exposed 
to the effect of radiation only for a certain lapse of time 
within the observation procedure. 

FIG.11 illustrates an embodiment of the device in 
the case where used for image formation is a secondary 
radiation scattered by the object or excited therein by 
the source-emitted radiation. In the drawing of said Fig- 
ure the lens 5 focuses the racfiation emitted by the 
source 1 on one of the elements of the object 2. and a 
lens 15 focused on the same elements from the 
entrance side, transfers the secondary radiation to the 
image-forming means 4. It is due to the movement of a 
system, consisting of the radiation source 1. and the 
lenses 5, 15 (with the mutual arrangement of said com- 



ponents remaining unaffected) with respect to the 
object 2, or due to the displacement of the object rela- 
tive to said system that scanning of the object by a com- 
mon focus of the lenses 5 and 15, thus making it 
5 possible to produce, with the aid of the image-forming 
means 4, a distribution pattern of the object properties 
that influence the parameters of the secondary radia- 
tion. Such geometries is instrumental in both the solving 
of the locality problem and suppressing the background 
10 resulting from the scattered radiation, which adds to the 
sensitivity of the method. This particular embodiment of 
the proposed device is expedient to be used for a preci- 
sion locating of the position or seating of defects, local- 
izing heavy elements, etc. 
is FIGS. 12 - 14 illustrate an embodiment of the pro- 
posed device for use in forming the image of an object 
with the aid of the radiation excited therein. 

Secondary X-radiation can be excited in the object 
2 (in the capacity of which may be, in particular, a sam- 
20 pie (specimen) of the material or substance under 
examination) with the use of an electron or ion beam 16, 
and said radiation can be collected, with the aid of a 
hemilens 17 (FIG.12), on the image-forming means 4. 
According to another embodiment of the device 
25 (FIG.13), the radiation collected by the hemilens 17 is 
directed onto the monochromator 12 and further onto 
the image-forming means 4. 

The radiation can be efficiently monochromatized 
using a cone-shaped hemilens 18 and a doubly curved 
30 crystal monochromator 1 9 (FIG. 14). 

Two more specific embodiments of the proposed 
device provide for image production with the use of a 
backscattered Compton radiation. 

According to the former embodiment (FIG.15) a 
35 quasi-parallel beam established by the hemilens 9 (or 
received directly from a synchrotron source), is directed 
onto the object 2. A backscattered radiation gets on the 
image-forming means 4 through a collimator 20 made 
up of a system of straight capillaries. 
40 According to the latter embodiment (FIG.16) the 
radiation generated by the source 1 is focused by the 
leans 5 on the object 2, in particular, on the inner ele- 
ment 6 thereof. A lens 21 composed of cone-shaped 
capillaries, is focused at the same point, the image- 
45 forming means 4 being situated past the lens 21. 
Depending on the specific situation, the object can be 
scanned by a beam (in which case a system composed 
of the radiation source 1 , the leans 5, the leans 21 , and 
the image-forming means is movable relative to the 
so object as an integral unit), or conversely, the object is 
movable with respect to the aforesaid components of 
the device. 

In both cases all the components of the device are 
located in the same half-space with respect to the 
55 object. The means for placing the object may be in the 
form of a contrivance establishing contact with the 
object, e.g., a probe jointly movable with the other com- 
ponents of the device relative to the object 
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In order to make analysis of a diversity of objects, 
medical diagnosis inclusive, efficient use can be made 
of a polarized radiation. A plane-polarized quasi-parallel 
radiation from, e.e., a synchrotron source is focused on 
the inner element 6 of the object 2 by a lens 22 com- 
posed by square mono- or polycapillaries having ail 
their walls oriented similarly (FIG.1 7). Another lens 24 is 
conjugate with the lens 22, while the image-forming 
means 4' is located past the lens 24. 

One more image-forming means 4 is situated 
behind the conical lens 23 whose optical axis is square 
with a common optical axis of the lenses 23 and 24 and 
is parallel to the vector of a magnetic field generated by 
the plane-polarized radiation. The conical lens 23 is 
focused at the same inner point of the object as the 
lenses 22 and 24. Two images are created in the device 
according to such an embodiment, one of them being 
formed by the means 4' using the object-transmitted 
radiation, and the other image, by the means 4, using 
the scattered radiation. Another pair of similar elements 
may be arranged symmetrically with respect to the lens 
23 and the image-forming means 4, which renders the 
device more informative. 

It is worth emphasizing that a possibility of scan- 
ning with the lens focal point inside the object opens up 
fundamentally new possibilities in diagnosing a variety 
of objects, medical diagnosis inclusive. As a matter of 
fact, it is the onset of a new kind of microscopy, wherein 
the focal point of a source is located inside the object, 
as it were. In addition , geometrical unsharpness of the 
image of the source is substantially decreased. Such 
unsharpness is usually expressed by the following con- 
ventional formula: 

U r =bd s /I f , 

where b is the size of the object, l f is the distance 
from the object to the tube focal point, and dg 
is the distance from the object to the detector. 

When the source is located outside the object the val- 
ues of d s and l f are comparable, and the value of U r 
approximates that of b, that is, the resolution approxi- 
mates the size of the source. When the lens focal point 
is spaced very close apart from the defect in the object, 
the value of d s may be very low and hence the resolu- 
tion increases. In this case a fundamentally new possi- 
bility is provided, that is. a great increase in the spatial 
dimensions of the defect under examination. 

As has been stated above, axial-symmetry lenses 
possess interference properties, that is, said lenses 
have a central maximum, secondary maxima and 
minima. The width of the central maxima approximates 
the diameter of the radiation transfer channel, e.g., the 
capillary diameter. A total intensity in the central maxi- 
mum is directly proportional to N 2 , where N c is the 
number of capillaries in the lens. Thus, such lenses can 
be efficiently used for obtaining information on the 
object, wherein defects are located. 



When, e.g., the defect shadows N q capillaries, the 
intensity in the central maximum becomes nearly pro- 
portional (N c - Nq) 2 . This quadratic relation enables one 
to observe very efficaciously even minor defects in the 

s object. For instance, while scanning various areas in the 
object and then subtracting the values of intensity in the 
central maxima from one another (the so-called sub- 
traction method), one can easily found the presence of 
the defect and its locality. 

10 High energy resolution can be attained with the use 
of a device, wherein the means for placing the object 
(sample) is followed by a lens featuring an axial symme- 
try. Such a lens is capable of energy resolution at a very 
high level. For instance, if it is necessary to attain an 

is energy resolution on the lens optical axis to a certain 
level AE near a certain energy E, so a spatial resolution 
Af s f AE/E corresponds to said energy resolution, 
where f is the lens focal length for the energy E. 

In an embodiment of the device adapted for use in 

20 science and analytical instruments and devices, X-ray 
beams are used for receiving information about the ele- 
mentary composition of the specimen. In a fluorescence 
analysis a primary X-ray beam excites characteristic 
lines, and the elementary composition of the specimen 

25 is reproduced by the analysis of said lines. Two methods 
are used, as a rule, in this case, namely, precision dis- 
persion analysis against wavelengths, since Bragg's dif- 
fraction is made use of, or energy dispersion analysis, 
wherein the energy spectrum of secondary particles is 

30 measured. ; 

In both cases use of the lenses of the proposed 
device offers evident advantages. For example, when 
performing diffraction measurements,wherein X-rays 
generated by an X-ray tube are used as thee original 

35 beam, a loss in the radiation intensity by 6 - 7 orders of 
magnitude occurs. This is concerned with the fad that 
only those photons which meets the Bragg law, that is, 
the photons should feature a divergence of from 1 0" 3 to 
10 4 rad depending on the type of crystal used. 

40 Tomographs have gained a very widespread appli- 
cation in the modern diagnosis, though they suffer from 
a number of disadvantages inherent therein, namely, 
high exposure dose and their spatial resolution far from 
being always adequately good, both of said disadvan- 

45 tages being interrelated. For instance, if one tries to 
enhance the resolution twice, the exposure dose has to 
be increased 16-fold. That is why the resolution value 
from one to few millimetres is common to the up-to-date 
tomographs; 

so It is a routine practice to use a continuous spectrum 
of bremsstrahlung, which is accompanied by the onset 
of the so-called "hardness effect", wherein harder pho- 
tons are absorbed in the object to a lesser extent than 
softer ones, whence some difficulties are encountered 

55 during image reconstruction, especially at the bone- 
muscle boundary. 

The aforementioned difficulties can be overcome by 
using the herein-proposed device. In this case the tom- 
ograph layout may be the same in the secondary-gener- 
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ation tomographs, that is, the radiation source is placed 
before the patient, while positioned therebehind are an 
image-reducing lens and a detector (i.e., the sensor of 
the image-forming means). The patient is immovable, 
while the radiation source, the lens, and the detector are 
rigidly interlinked and scan the patient's body. 

In order to get rid of the "hardness effect" the 
source-emitted radiation can be monochromatized by 
resorting to various techniques. For instance, a 
hemilens may be positioned past the radiation source, 
and an assembly of parallel capillaries be placed past 
th hemilens, while the angle of entrance of the radia- 
tion emerging from the hemilens to said assembly can 
be adjusted, thereby adjusting the radiation spectrum. 

In the present-day tomographs the density distribu- 
tion is judged by registering the radiation running from 
the source to the radiation detector. In this case, in order 
to gain information on the density distribution in one cut 
or another, a great number of exposures (as a rule, over 
one hundred) of the section should be carried out at dif- 
ferent angles, the exposure dose being usually as high 
as 1 R and over. The situation may be improved upon if 
one should register the Compton scattering at the place 
under examination of the object concurrently with regis- 
tering the radiation absorption. 

To this end the focal point of the X-ray lens is aimed 
at the place under examination. To the same focus is 
oriented another system of lenses (or collimators) rig- 
idly coupled to the former X-ray lens. Such a system is 
able to scan the object in three directions. The second 
system of lenses mentioned before is associated with 
detectors capable of registering the Compton scatter- 
ing. Another system of detectors is positioned past the 
object opposite the first lens in order to register the 
absorption of radiation. Such a system of tomography is 
assessed to provide a better resolution at a lower expo- 
sure dose. The layout of the device carrying said 
method into effect is similar to that depicted in FIQ.17. 

Practical application of the proposed device in med- 
ical diagnosis can result in a drastically reduced expo- 
sure dose and a high spatial resolution. Reduction of 
the exposure dose can be attained by virtue of filtering 
a quasi-parallel radiation, as well as due to a possibility 
of image transfer involving a size reduction of the object 
being examined. 

X-ray screens, intensifying screens, vidicons, etc. 
have an imagery threshold, which varies depending on 
the screen type, energy of photons, etc. Here and here- 
inafter said threshold is assumed, with the purpose of 
assession, to be n = 10 8 photon/cm 2 . 

The object is irradiated by a parallel beam of pho- 
tons. Located past the object is a lens (or a train of 
lenses) adapted to focus the radiation, and situated 
behind said lens or train of lenses is a screen. In the 
proposed device the entrance-to-exit diameter ratio may 
be 100:1. 

Such being the case, to provide an efficient focus- 
ing, the original beam divergence 50 must be 
50/0 c =d n /d Oi that is, if do/d^lOO, it is obvious 



that 60/0 c should be on the orders of 10' 2 ; with E = 20 
keV. 0 C = 2 • 10 " 3 rad., i.e., with the dimensions dimin- 
ished by a factor of 1 00, 8© = 2 • 1 0 " 5 rad. In this case 
the exit area of a single capillary is reduced 10 4 times. 

5 With such a focusing as little as hall the amount of pho- 
tons that have got in the exit butt end of the lens situated 
past the object, are incident on the screen. 

In this particular case the number of photons nec- 
essary for imagery threshold is reduced by a factor of 

10 1/2 • 10 4 . This means that in the case where a lens is 
provided behind the object the number of photons inci- 
dent on the object may be reduced by a factor of 5000. 
It is necessary at the same time to have a good spatial 
resolution. As the resolution is two or three times the 

is capillary entrance diameter, so to provide a 100- micron 
resolution, the capillary diameter should be of the order 
of 30 microns. In this case, with the dimensions reduced 
by a factor of 100, the capillary exit diameter should be 
of the order of 0.3 micron. The angle of convergence (or 

20 cone angle) of thee capillaries is of the order of 2 - 10" 5 
rad., and the lens length will be about 75 cm provided 
that the lens is composed of a plurality of capillaries or 
poiycapillaries. There are two restrictions imposed upon 
the minimum size of a capillary, one of them being asso- 

25 dated with diffraction and is independent of the energy 
of photons, the limit size being C/a> p = 100 A , where C 
is the velocity of light, and ©p is the plasma (Langmuir) 
frequency. The aforesaid limit is small that can be 
neglected in this particular case. The other restriction is 

30 concerned with the physical imaging process. The 
energy of photons is transformed on the screen of the 
image forming means, i.e., in the detector, into the 
energy of electrons which, when dissipated, establish 
light quanta which produce the image of an object. 

35 Maximum resolution in this case is associated with 
the range of path of electrons, being equal to about 10 
microns. 

Let St denote a minimum area of the capillaries at 
the exit end before the screen, said area depending on 

40 the final range of electrons; S s = (10 |im) 2 = 10 " 6 
cm 2 . With the entrance area of the capillaries equals 
Sq, the exposure dose reduction J will be J - aS G /S , , 
where a is the loss of radiation when transferred through 
a converging capillary, said toss being equal to 1/2, and 

45 with S Q = 10" 2 cm 2 , J = 5000. 

A minimums resolution I equals the capillary 
entrance diameter multiplied by a factor of the order of 
3, that Is, I s - 0.3 mm in this particular case. 

Thus, as S 0 increases, J increases, too, but I 

so decreases inversely proportional to an increase in S^ 
In cases where a small-size image is to be pro- 
duced, J decreases, because it is necessary to use the 
capillaries having small entrance diameters. For 
instance, when it is necessary to attain the resolution of 

55 an image of a tumor about 1 mm in size, it is necessary 
to use the capillaries having a diameter of about 0.3 
mm, with J = 500. Accordingly, for a tumor sized 0.3 
mm, J = 50. 
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A peculiar feature of the construction inherent in at 
least one of the lenses of the optical system used in the 
proposed device (and whenever the optical system has 
a single lens. Inherent in said single lens), resides, as it 
has been stated hereinbefore in the disclosure of the s 
present inventions, in the provision of the radiation 
transfer channels arranged orderly across said lens with 
a due observation of axial symmetry. Such a peculiar 
feature is inherent in the construction of the herein-pro- 
posed lens also when said lens is used per se or as a 10 
component of any other devices, wherein fluxes of neu- 
tral or charged particles are to be converted. 

FIG. 18 illustrates an ordered arrangement of the 
lens channels, wherein a mirror symmetry with respect 
to cross-sectional axes X and Y occurs. In this particular 75 
case there occurs concurrently a central symmetry with 
respect to the lens longitudinal axis which passes 
square with the plane of the drawing through the point of 
intersection of the X and Y axes: any element under 
examination corresponds to the same element lying on 20 
a straight line passing through said element and said 
point on the other side of said point (center of symme- 
try) at the same distance therefrom as the element 
being looked at. 

Apart from that stated above, FIG. 1 8 shows a rota- 25 
tional symmetry with respect to the same axis as the 
central symmetry that is. when rotated round said axis 
through 180° the figure shown in the drawing coincides 
with itself. 

FIG.1 9 illustrates the presence of a mirror symme- 30 
try in a construction, comprising channels having cross- 
sectionally open surfaces of their walls and formed by 
bent planar structures 25. 

FIG.20 illustrates an ordered arrangement of 
square channels across the lens, with due observance 35 
of a rotational symmetry: when rotated 

round the lens longitudinal axis passing through 
the point 0 square with the plane of the drawing the fig- 
ure shown in the drawing coincides with itself. 

As has been stated in the aforementioned disclo- 40 
sure of the invention, provision made in the lens for 
channels arranged orderly across it with the observance 
of axial symmetry brings about prerequisites for the 
onset of interference phenomena for the particles 
emerging from the lens. This enables one to efficiently 45 
focus the radiation even in the simplest embodiment of 
the lens, i.e., in the form of an assembly 26 (FIG.21) 
built up of straight parallel mono- or polycapillaries (the 
so-called "capillary bars"). Indicated with dashed lines 
in FIG.21 and in a number of Figures described herein- so 
after, is the presence of coatings applied to the walls of 
the radiation transfer channels, the part played by them 
being the subject of a separate consideration. Depend- 
ing on the length of the assembly 26, there may occur a 
single-, double-, or multiple reflection in each of the 55 
channels 27. The result is an interference pattern aris- 
ing in a focal plane 28 which is spaced the same dis- 
tance apart from the lens exit end as the radiation 
source 1 is spaced apart from the lens entrance end, 



said interference pattern corresponding to a graph 29 
(FIG.21) of radiation intensity I vs the X coordinate, said 
graph featuring the width of the principal maximum 
which is approximately equal to the diameter of an indi- 
vidual channel. 

Of the same order of magnitude is the size of the 
focal spot in other construction embodiment of the lens 
featuring orderly arranged channels across it with the 
observance of axial symmetry. It is noteworthy, for the 
sake of comparison, that in the absence of interference 
phenomena the size of the focal spot is of the following 
order of magnitude: 

l f «d + 2© c f. 

where d is the cross-sectional dimension of an indi- 
vidual channel; 
f is the focal length; and 
©c is the critical angle of external reflection. 

To draw an example, with the particle energy E = 8 
keV the angle © c has an order of 3 • 1 0" 3 rad. With a typ- 
ical value of f = 10 cm, the following expression holds 
true: l f = d + 0.6 mm, that is, the degree of focusing bet- 
ter than 0.6 mm is inattainable even when the channels 
are built up of very fine capillaries. Provision of condi- 
tions in the proposed lens for interference makes it pos- 
sible to overcome said restriction, with the result that the 
degree of focusing happens to be dependent on the 
channel diameter alone. 

Performance capabilities of the proposed lens pro- 
vided due to interference, are combined with technolog- 
ical merits inherent in the construction of the lens, 
wherein orderly arranged radiation transfer channels 
are in fact a set of similar orderly arranged modules 30 
(FIG.22, 20) obeying axial symmetry. 

The aforementioned modules, may in turn be made 
from smaller modules which are the second-level mod- 
ules with respect to the preceding ones, which are in 
effect the first-level modules, and so on. 

FIG.22 presents smaller modules 31 from which 
each of the modules 30 is built, in particular, a module 
aa'b'b. 

Depending on the number of levels of the modules 
made use of in the lens construction, the symmetry of 
the first, second, etc. order. Modules of each next level 
establishing the module of the preceding level, have in 
each module of the preceding level, the same number, 
shape, and mutual arrangement as the modules of the 
first level. The highest-level modules are established 
directly by the radiation transfer channels. 

It is most promising to use a lens in the form of bent 
capillaries, 27 (FIG.23). In this case use is expedient to 
be made of a polycapillary, i.e., a miniature optical sys- 
tem (FIG. 24). In such a case the lens is in fact a set of. 
miniature optical systems, whereby its effect can be. 
enhanced many-fold. 

An important trend in the herein-proposed optics 
may be an optical system appearing as an ensemble or 
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set of miniature lenses, hemilenses, etc. Such sets of 
miniature hemilenses 33 and lenses are presented in 
FIGS.25 and 26. 

A miniature lens is as a rule one barrel-shaped 
polycapillary having a maximum diameter not exceed- 5 
ing 0.1 - 1 mm as a rule. The polycapillary is filled with a 
few thousand or a few tenths of thousands of hollow 
channels having their cross-section variable lengthwise 
the channels in such a manner that all the channels can 
be oriented at the same point. 10 

The miniature lenses are put in a single set of hun- 
dreds or thousands of miniature lenses or hemilenses, 
without use of any support elements for forming and 
retaining the longitudinal profile of an optical systems In 
the case where the supporting elements are used, they is 
perform their function towards the miniature lenses 
rather than with respect to individual channels-capillar- 
ies. In this case the effect of such an optical system is 
augmented many-fold compared with the case where 
the optical system consists merely of capillaries or poly- 20 
capillaries. 

A set of miniature lenses provides many new possi- 
bilities, e.g.. one can establish a lens having two, three 
or more focal lengths, for which purpose the set can be 
divided into two, three, or more layers, each consisting 25 
of the miniature lenses differing in focal length. 

Miniature lenses having channels with micron- and 
submicron size levels are manufactured using the tech- 
nique of drawing intricately shaped geometric figures, in 
a furnace having an appropriate configuration and a so 
definite temperature field. 

An optical system depicted in FIG.26 and shaped 
as a beam of conical lenses, which comprises also the 
miniature lenses 33, makes it possible to efficiently 
focus a quasi-parallel radiation. In addition, such a con- 35 
struction is capable of suppressing the hard portion of 
the radiation spectrum. This is concerned with the fact 
that as the radiation passes along the channels, the 
angle of reflection increases for both photons and neu- 
trons with respect to the walls of the channels. Inas- 40 
much as a harder radiation has a smaller angle of 
reflection, it is high-energy photons and neutrons that 
are first to quit the multiple-reflection mode. 

When the lens is made up of the modules 30 
(FIGS.20 and 22), or of the smaller modules 31 45 
(FIG.22), such modules may be in fact the miniature 
lenses described above. 

FIG.27 shows a half-barrel-shaped hemilens for 
transforming a diverging radiation emitted by the source 
1 into a quasi-parallel one. An entrance end 34 of said so 
hemilens is concaved so as to provide a uniform inten- 
sity of. the emergent beam within its cross-section. 

FIGS.28 - 30 present a barrel-shaped symmetrical 
lens and a barrel-shaped asymmetrical lens, both 
adapted for focusing a diverging radiation emitted by the ss 
source 1. When the symmetrical lens of FIG.28 is used 
the radiation is focused at a distance f from the exit end 
thereof, which is equal to a distance between the radia- 
tion source 1 and the lens entrance end. For the lenses 



of F1GS.29 and 30 the distances mentioned above differ 
from each other, being equal to f 2 and f 1( respectively. 
The lens of FIG.29 features its channels having the 
same radius of bending throughout the entire length 
thereof, whereas the radiation transfer channels in the 
lens of FIG.30 have its right-hand portion bent at a 
radius R 2 which is longer than a radius Ri at which the 
left-hand portion of the channels are bent. There may 
be the lens which are asymmetrical in a longitudinal 
section, wherein the channels have a variable bending 
radius changing monotonically. A lens with bent chan- 
nels may also be shaped as aflare or funnel (FIG.31); in 
this case the lens side surface, unlike the lenses of 
FIGS.27 - 30, is concave rather than convex. Such a 
lens is expedient to be applied for producing an 
enlarged image of the object located before the lens 
entrance end (when a quasi-pointlike radiation source is 
used). The accuracy of the resultant image is approxi- 
mately equal to the cross-sectional dimension of the 
channel at lens entrance. 

Apart from the fact that the proposed lens may 
comprise channels arranged orderly in its cross-section 
in the sense discussed before, each "layer" of the chan- 
nels has as a rule its own bending radius and hence its 
own length. Here and hereinafter the layers of channels 
are understood to mean, in particular, groups of chan- 
nels establishing closed contours, which are rectangu- 
lar with a rectangular cross-section of the lens shown in 
FIG.22, or annular with a circular cross-section; a layer 
may be established by a single channel having a corre- 
sponding configuration as shown. e.g., in F1G.32. Such 
layeis are coaxial and encompass the lens longitudinal 
axis, being spaced apart from said axis at different dis- 
tances. The layers may also not establish closed con- 
tours, eg., be "fiat", which is the case when the lens 
(FIG.19) has a rectangular cross-section, said layers 
having the same width as said cross-section. For each 
of such layers located on one side of the plane of sym- 
metry of the lens, said plane passing through the lens 
longitudinal axis, a similar symmetrically arranged layer 
should occur on the other side of said plane. In a cross- 
sectional view of the lens the channels forming such lay- 
ers are symmetrical with respect to the axis of said 
cross-section. That is why monochromatic photons 
undergo unequal number of reflections in various chan- 
nels so that a system of waves differing in phase arises 
after said photons have emerged from the lens, consid- 
ering the process from the stand-point of the wave the- 
ory. A phase difference is established due to different 
lengths of path of the photons along the channels. 
When the channels are arranged randomly no useful 
effects are produced, but in the case of axial symmetry 
this results, as has been stated before, in wave interfer- 
ence. Of practical importance is the fact that a consider- 
able proportion of energy emerging from the lens is 
concentrated in the central maximum, and the size itself 
of the central interference spot is found to approximate 
the cross-sectional dimension of a radiation transfer 
channel. 
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In some cases straight mono- or polycapillaries, or 
else a set of them is efficiently applicable for focusing 
the radiation emitted by a quasi-pointlike source, the 
angle of capture of the radiation being 2© c and the 
number of reflections being unity. One of such cases 5 
wherein use is made of a system of source-oriented 
mono- or polycapillaries is shown in FIG.33. In this case 
the butt ends of the capillaries lie on two spherical sur- 
faces 34, 35 having respective radii R, R* with a com- 
mon center 36. The radiation source 1 is placed on the w 
axis of the optical axis at a distance equal to R/2 apart 
from the inner spherical surface, and the dimensions of 
the optical system and lengths of the capillaries are so 
selected that the angle of capture equals 40 c and the 
radiation undergoes a single reflection only. The same 15 
lens can be used for focusing a quasi-parallel beam. 

Capillary lenses and hemilenses can be so effected 
that they would function in many respects as Fresnel 
zone plates. To this end it is necessary that all the layers 
have approximately the same area, which can be 20 
attained by two ways. 

One of them is as follows. With a preset energy 
value radiation capture is determined by the factor 

R0* 25 

when 

30 

so y < I, that is, the factor of capillary filling with the radi- 35 
ation is below unity. The area of the nth layer of the cap- 
illaries which is spaced the distance r n apart from the 
center is obviously S n = 2rcr n Ar n , where Ar n is the 
capillary diameter in the nth layer (or the width of the nth 
layer). However, Ar n is directly proportional to y, which in 40 
turn is proportional to R n . Now if one selects R n ~ - (that 
is, the bending radii of the capillaries decrease in the 
direction away from the center), it is evident that S n is 
directly proportional to r n J , but since r n is directly pro- 
portional to n, so S n is independent of n, i.e., all layers 45 
are equal in area, but the width of layers decreases from 
the center towards the periphery. Such geometry is 
completely similar to the geometry of a Fresnel zone 
plate. 

The other way consists in that from the very begin- so 
ning each layer of capillaries has its own diameter so as 
to satisfy the condition of constant areas of all the lay- 
ers. 

In both cases described above the lens functions 
similarly to a Fresnel zone plate. 55 

When manufacturing the capillary lenses and 
hemilenses the capillary may be so drawn as to make 
them twisted, and the paths of photons resemble a hel- 
ical line. K is possible that part of the capillaries Turn" in 



one sense, and the other part of them, in the opposite 
sense. This enables one to obtain a number of interest- 
ing capabilities. Firstly, if a beam of unpolarized photons 
(or neutrons, or charged particles) is applied to the lens 
entrance, said beam can be subdivided, by virtue of the 
twist effect, into a number of plane-polarized beams. 
Secondly, when a plane-polarized beam is originally 
provided, the plane of polarization of said beam rotates 
in a twisted capillary. 

Some further possibilities are opened up due to 
depositing coatings upon the walls of the radiation 
transfer channels in order to provide diffuse and poten- 
tial scattering or interference of the radiation being 
transferred, occurring on the multilayer structures 
formed by said coatings and the channel walls (the 
presence of such coatings being shown schematically 
with the dashed lines in FIGS.21 , 25, 26, and 31). 

In order to cut off the soft portion of the spectrum so 
as to obtain a quasi-monochromatic spectrum from a 
complex spectrum, the channel walls may be coated by 
a material which absorbs efficiently said spectral por- 
tion. 

The fact that the coatings are layered makes it pos- 
sible not only to transfer the radiation but also to selec- 
tively choose part thereof. It is due to the resultant 
interference that the critical angle of reflection and the 
reflection factor are very much increased, said phenom- 
enon occurring inside the channels. 

The presence of a small transition layer can in 
many cases increase the lens efficiency to a great 
extent. For instance, when transferring neutrons said 
layer can be ferromagnetic, whereby the angle of reflec- 
tion is increased. When transferring charged particles 
the layer can be crystalline, whereby reflection occurs in 
away, resembling channeling of particles in crystals. 

Coating the dielectric substrate with a metallic layer 
makes possible "channeling" the charged particles 
through such a medium. In the reverse case the dielec- 
tric is charged to prevent, by its charge, "channeling" of 
particles. 

In this case the substrate and the reflecting surface 
differ in their properties because the latter is a metallic 
layer. 

When use is made simultaneously of a multiple 
reflection of radiation on alternating media differing in 
physical properties and of its scattering, a possibility 
arises for efficiently controlling said radiation, while the 
lenses utilizing said combination may be widely imple- 
mented in diverse fields of engineering. In particular, 
use can be made of a set of rectangular or square cap- 
illaries so coated by a multilayer structure that the 
period of said structure alternates, thus establishing, 
after reflection, two different quasi-monochromatic 
beams similarly space-oriented. 

Alternating media may be in different phase states. 
For charged particles crystalline structures are used as 
a reflecting medium, e.g., a layer with a thickness of a 
few scores of Angstr6m units. In this case reflection 
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from said layer occurs similarly to that in channeling 
between the atomic planes of a crystal. 

The critical angle of reflection of neutrons in a layer, 
wherein a magnetic field is present, is determined from 
the following formula: s 

e c m X [Nb/rc + (m/2n 2 * 2 )\iB] 1/2 , 

where N is the nuclear density; 

X is the neutron wavelength ; 10 
b is the nuclear coherent-scattering ampli- 
tude; 

H is the neutron magnetic moment; 
m is the neutron mass; 

B is the magnetic induction, and is 
n is Planck's constant. 

The presence of two signs, plus and minus, and 
hence two angles is concerned with two possible polar- 
izations of the neutron spin. 20 

With high-strength magnetic fields when 
Nb < (m/27t* 2 )jxB , a single critical angle of reflection is 
observed. In this case totally reflected neutrons are 
polarized. 

Therefore, when establishing, e.g., two- or three- 2s 
dimensional structures having a magnetic reflecting sur- 
face, one can control not only the paths but also polari- 
zation of neutrons. 

There can be established alternating media, 
wherein the reflecting medium is in fact a magnetic mir- 30 
ror, e.g., a thin cobalt mirror. Using alternating media 
differing in magnetic properties one can increase critical 
angles of reflection without decreasing the reflection 
factor. 

35 

Industrial Applicability 

The herein-proposed invention can find application 
in analytical instrument-making, more specifically, in 
elementary analysts, three-dimensional local analysis, 40 
defectoscopy, ecological monitoring, for establishing 
tomographs with micron and submicron resolution, in 
microscopy for developing high-efficacy and intensity 
microscopes, in particular, in microscopic examenations 
of biological objects, in microelectronics for contact and 45 
projection lithography, in X-ray and neutron drffractome- 
try for developing new-type collimators, as new-type dif- 
fraction and interference instruments, in particular, for 
enhancing the density of radiation. 

As for medicine the present invention can f ind appli- so 
cation for early diagnosis of oncological, cardiovascular, 
and some other diseases, for developing endoscopes 
and dental apparatus of a new type, for treatment of 
inoperable affections, carcinoma inclusive, as well as in 
neurosurgery, medical radiology, etc. ss 



Claims 

1 . A device for producing the image of an object, com- 
prising a source (1) of radiation which appears as a 
flux of neutral or charged particles, a means (2) for 
placing the object with a possibility of being 
exposed to the effect of radiation generated by said 
source, a means (4) for image formation, said 
means being capable of registering the distribution 
of intensity of radiation after its interaction with the 
object, and an optical system which incorporates at 
least one lens aimed at converting a flux of particles 
and interposed between the radiation source (1) 
and the means (2) for placing the object, or 
between said means and the image forming means 
(4), said lens being established by a set of channels 
having reflecting walls and adapted for radiation 
transfer, CHARACTERIZED in that all or part of the 
radiation transfer channels are arranged orderly 
across the cross-section of said lens with due 
observance of axial symmetry. 

2. A device according to Claim 1 , CHARACTERIZED 
in that the whole set of channels orderly arranged 
across the lens cross section meets the condition of 
mirror symmetry with respect to one or two mutually 
square axes of said lens cross section. 

3. A device according to Claim 1 , CHARACTERIZED 
in that the whole set of channels orderly arranged 
across the lens cross section meets the conditions 
of central or rotational symmetry with respect to the 
lens longitudinal axis. 

4. A device according to Claim 1 , CHARACTERIZED 
in that the lens appears as a set of miniature 
lenses. 

5. A device according to Claim 4, CHARACTERIZED 
in that the lens is established by closely packed 
miniature lenses whose total cross section is varia- 
ble along the length of the lens in accordance with 
the longitudinal profile thereof. 

6. A device according to Claim 1 , CHARACTERIZED 
in that the channels arranged orderly across the 
lens cross section with due observance of axial 
symmetry are grouped together into a number of 
similar modules (30) arranged orderly with due 
observance of axial symmetry. 

7. A device according to Claim 6, CHARACTERIZED 
in that the lens comprises, apart from said modules 
(30) which are in fact the first-level modules, also 
modules (31) of higher levels, each module of each 
of the preceding levels being established by the 
modules of a next level having the same shape, 
mutual arrangement and being equal in number 
with the first-level modules. 
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8. A device according to Claim 6 or 7, CHARACTER- 
IZED in that each of the highest-level modules is in 
feet a miniature lens. 

9. A device according to any one of Claims 1 through 
7, CHARACTERIZED in that the image-forming 
means (4) is so positioned that the radiation trans- 
mitted through the object can be transferred to said 
means. 

10. A device according to Claim 9, CHARACTERIZED 
in that the optical system comprises a set of asym- 
metrical lenses (3) interposed between the means 
(2) for placing the object and the image-forming 
means (4), said lenses being so assembled as to 
transfer the radiation emerging from different ele- 
ments of the object. 

11. A device according to Claim 9, CHARACTERIZED 
in that the optical system comprises a diverging 
hemilens (7) built up of conical capillaries or poly- 
capillaries and interposed between the means (2) 
for placing the object and the image-forming means 
(4) so as to enlarge the image of the object. 

12. A device according to Claim 1 1 , CHARACTERIZED 
in that the radiation source (1) is positioned at the 
focal point of the diverging hemilens (7) made up of 
conical capillaries or polycapillaries. 

1 3. A device according to Claim 1 1 , CHARACTERIZED 
in that the radiation source (1) is placed on the opti- 
cal axis of the diverging hemilens (7) made up of 
conical capillaries or polycapillaries in an out-of- 
focus position. 

14. A device according to Claim 1 1 , CHARACTERIZED 
in that the radiation source (1) has an exit aperture 
circular in shape with the central portion shielded 
and located on the optical axis of the diverging 
hemilens made up of conical capillaries or polycap- 
illaries, in the focal plane of said hemilens. 

15. A device according to Claim 1 1 , CHARACTERIZED 
in that the optical system comprises also a second 
diverging lens (T) made up of conical capillaries or 
polycapillaries, said second diverging lens having 
smaller cross-sectional dimensions compared with 
the first lens (7), and being interposed between the 
radiation source (1) and the means (2) for placing 
the object. 

16. A device according to Claim 9, CHARACTERIZED 
in that the optical system comprises a lens or 
hemilens for forming a quasi-parallel beam of parti- 
cles, said lens or hemilens being interposed 
between th radiation source and the means for 
placing the object. 



17. Adevice according to Claim 16, CHARACTERIZED 
in that the radiation source (1) is capable of forming 
two characteristic K a spectral lines, and the optical 
system comprises also a rotary filter-window (8) 

5 having two alternating sectors, each being adapted 
for suppressing the radiation of either of the K a 
spectral lines, said filter-window being placed either 
before or past the lens or hemilens adapted for 
forming a quasi-parallel beam, said lens or 

10 hemilens having either a longitudinal axis with a 
bend for cutting-off the hard radiation component or 
a straight longitudinal axis, in which case a set of 
parallel capillaries (11) is placed before the means 
(2) for placing the object in order to cut off the hard 

15 radiation component. 

1a Adevice according to Claim 16, CHARACTERIZED 
in that the radiation source (1) is capable of forming 
two characteristic K a spectral lines, and the optical 
20 system comprises also a second lens or hemilens 
(9') adapted for forming a quasi-parallel beam out- 
of -parallel to the first beam, and two crystals-mono- 
chromators (12, 12*), each being adapted for dis- 
criminating either of the two K a spectral lines, said 
25 crystals monochromators being located past said 
lens or hemilens so as to reflect monochromatized 
beams towards the means (2) for placing the object, 
the device comprising also a shield (13, 13*) to pre- 
vent the radiation generated by the source (1),from 
30 getting directly incident upon the means (2) for 
placing the object, as well as a second image-form- 
ing means (4*), each of the image-forming means 
(4, 4') being located past the means (2) for placing 
the object so as to register the distribution of inten- 
35 sity of the radiation passed through the object and 
reflected from one of the crystals monochromators 
(12, 12% 

19. A device according to Claim 9, CHARACTERIZED 
40 in that the optical system comprises a lens (5) inter- 
posed between the radiation source (1) and the 
means (2) for placing the object, said lens being 
capable of focusing the radiation inside the object, 
said lens, the radiation source (1), and the image- 
rs forming means (4) being jointly rotatable with 

respect to the means (2) for placing the object with- 
out affecting their mutual arrangement and the posi- 
tion of a point (6) of radiation focusing as the center 
of said rotary motion. 

so 

20. A device according to any one of Claims 1 through 
7, CHARACTERIZED in that the image-forming 
means is so positioned that a secondary radiation 
scattered or excited in the substance of the object 

55 due to interaction of said* substance with the 
source-generated radiation, can be transferred to 
said means. 
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21 . A device according to Claim 20, CHARACTERIZED 
in that the radiation source is capable of forming a 
flux (16) of electrons or ions for exciting a second- 
ary X-radiation in the substance of the object (2), 
and the optical system comprises a hemilens (17) 
adapted for transferring said secondary radiation to 
the image-forming means (4) and being capable of 
scanning the object (2) with the focal point of said 
hemilens. 

22. A device according to Claim 20, CHARACTERIZED 
in that the optical system comprises the lens (5) for 
transferring the radiation generated by the source 
(1) to the means (2) for placing the object, and a 
lens (15) for transferring the secondary radiation to 
the image-forming means (4), both of said lenses 
having a common focal point and being jointly mov- 
able for scanning the object with their common focal 
point. 

23. A device according to Claim 21 or Claim 22, CHAR- 
ACTERIZED in that a beam monochromatization 
means (12) is interposed between the lens (15, 17) 
for transferring the secondary radiation to the 
image-forming means (4) and said means (4). 

24. A device according to Claim 22, CHARACTERIZED 
in that a polarizing target is interposed between the 
lens for transferring the source-generated radiation 
to the means for placing the object and said means, 
said target being capable of changing the direction 
of the beam reflected therefrom by 90° with respect 
to the beam incident thereon. 

25. A device according to Claim, 24, CHARACTER- 
IZED in that the polarizing target is in fact a crystal 
monochromator. 

26. A device according to Claim 21 or Claim 22, CHAR- 
ACTERIZED in that the lens for transferring the 
secondary radiation has radiation transfer channels 
featuring centra) symmetry with respect to its opti- 
cal axis and is capable of focusing the radiation 
being transferred in the space between the lens exit 
end and the image-forming means, a microdia- 
phragm being provided in said space with a possi- 
bility of scanning said image. 

27. A device according to Claim 26, CHARACTERIZED 
in that the microdiaphragm is so positioned that its 
aperture lies on the optical axis of said lens and is 
displaced out of focus which corresponds to a pre- 
set energy of the particles being transferred, by a 
distance expressed below: 

Af = ff. 

where E is the preset energy of the particles 
being transferred; 



f is the focal length of said lens, corre- 
sponding to said energy; and 
AE is the required level of energy resolu- 
tion. 

5 

28. A device according to Claim 20, CHARACTERIZED 
in that the optical system comprises a lens (9) inter- 
posed between the radiation source (1) and the 
means (2) for placing the object and capable of 

w forming a quasi-parallel beam, and a collimator (20) 
appearing as a system of straight capillaries and 
interposed between the means (2) for placing the 
object and the image-forming means (4), the radia- 
tion source (1), the lens (9), the collimator (i20), and 

15 the image-forming means (4) being disposed in the 
same half-space with respect to the means (2) for 
placing the object. 

29. A device according to Claim 20, CHARACTERIZED 
20 in that the optical system comprises the lens (5) 

interposed between the radiation source (1) and 
the means (2) for placing the object and adapted for 
focusing the radiation inside the object, and a colli- 
mator (21) appearing as a system of cone-shaped 

25 capillaries, said collimator being focused at the 
same point as the lens (5) and being interposed 
between the means (2) for placing the object and 
the image-forming means (4), the lens (5), the colli- 
mator (21 ), and the image-forming means (4) being 

30 situated in the same half-space with respect to the 
means (2) for placing the object and being jointly 
movable with respect to the means (2) without 
affecting their mutual arrangement 

35 30. A device according to Claim 20, CHARACTERIZED 
in that the radiation source (1) is capable of forming 
a quasi-parallel plane-polarized radiation, and the . 
optical system comprises a lens (22) adapted for 
focusing said plane-polarized radiation and built up 

40 of square mono- or polycapillaries, said lens being 
interposed between the radiation source (1) and 
the means (2) for placing the object and being 
adapted for focusing the radiation inside the object, 
and a lens (23) made up of cone-shaped capillaries 

45 and located before the image-for-ming means (4), 
said lens (23) having a common focal point with the 
lens (22) for forming a plane-polarized radiation, 
and an optical axis situated in the plane of the vec- 
tor of intensity of the magnetic field of said radiation 

so and arranged square with the optical axis of the 
tens (22) for focusing said plane-polarized radia- 
tion, as well as a lens (24) located on an extension 
of the optical axis of the lens (22) and having a 
common focal point therewith, said lens (24) being 

55 adapted for forming a quasi-parallel radiation, the 
additional image-forming means (4*) being posi- 
tioned past the lens (24), while the radiation source 
(1). all the lenses mentioned above, and both of the 
image-forming means are jointly movable with 
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respect to the means (2) for placing the object so 
that their mutual arrangement remains unaffected. 

31. A lens for converting a flux of neutral or charged 
particles, said lens being built up of a set of radia- 5 
tion-transfer channels having reflecting walls, 
CHARACTERIZED in that all or part of said chan- 
nels of said lens are arranged orderly across the 
lens cross-section with due observance of axial 
symmetry. 10 

32. A lens according to Claim 31 , CHARACTERIZED in 
that the condition of mirror symmetry with respect 
to one or two mutually square axes of the lens 
cross-section is satisfied for a set of channels 15 
arranged orderly across the lens cross-section. 

33. A lens according to Claim 32, CHARACTERIZED in 
that the channels thereof have straight longitudinal 

axes. 20 

34. A lens according to Claim 32, CHARACTERIZED in 
that the channels whose longitudinal axis is out of 
alignment with the axis or if only with one of the lens 
planes of symmetry in its longitucfinal section, are 25 
bent so that all the channels spaced equally apart 
from said axis or said plane and having a cross- 
section variable lengthwise in accordance with the 
lens longitudinal profile, are bent equally. 

30 

35. A lens according to Claim 31 , CHARACTERIZED in 
that the condition of central or rotational symmetry 
with respect to the lens longitudinal axis is satisfied 
for a set of channels arranged orderly across the 
lens cross-section. 35 

36. A lens according to Claim 35, CHARACTERIZED in 
that the channels thereof have straight longitudinal 
axes. 

40 

37. A lens according to Claim 35, CHARACTERIZED in 
that all the channels of the lens save the central 
channel are bent, and all channels spaced equidis- 
tantly apart from the lens longitudinal axis are bent 
equally, and have their cross-section variable 45 
lengthwise the lens in accordance with the longitu- 
dinal profile thereof. 

38. A lens according to any one of Claims 31, 32, and 

35, CHARACTERIZED in that the channels so 
arranged orderly across the lens cross-section with 
the observance of axial symmetry, are grouped into 
a number of similar modules (30) arranged orderly 
with the observance of axial symmetry. 

55 

39. A lens according to Claim 38, CHARACTERIZED in 
that each of, said modules (30) which are in fact the 
first-level modules, is formed by second-level mod- 
ules (31) equal in number and having the same 



shape and mutual arrangement as the first-level 
modules. 

40. A lens according to Claim 38, CHARACTERIZED in 
that apart from said modules which are the first- 
level modules, it comprises modules of higher lev- 
els, and each module of each of the preceding lev- 
els is formed by the modules of a next level which 
are equal in number and have the same shape and 
mutual arrangement as the first-level modules. 

41. A lens according to Claim 38, CHARACTERIZED in 
that the channels thereof have straight longitudinal 
axes. 

42. A lens according to Claim 38, CHARACTERIZED in 
that the channels having their longitudinal axis not 
aligned with the axis or if only with one of the planes 
of symmetry of the lens in its longitudinal section, 
are bent so that all channels spaced equally apart 
from said axis or said plane of the lens are bent 
similarly, and have their cross-section variable in 
accordance with the lens longitudinal profile. 

43. A lens according to any one of Claims 33, 36, and 
41 , CHARACTERIZED in that the channels thereof 
have parallel longitudinal axes. 

44. A lens according to Claim 43, CHARACTERIZED in 
that the channels thereof are established by the 
inner walls of glass mono- or polycapillaries. 

45. A lens according to any one of Claims 33, 36, and 
41 , CHARACTERIZED in that the channels thereof 
have a cross-section variable uniformly along the 
length of the lens. 

46. A lens according to Claim 45, CHARACTERIZED in 
that the channels thereof are cone-shaped. 

47. A lens according to Claim 46, CHARACTERIZED in 
that the channels thereof are established by the 
inner walls of glass mono- or polycapillaries. 

48. A lens according to any one of Claims 34, 37, or 42, 
CHARACTERIZED in that it is shaped as a funnel. 

49. A lens according to any one of Claims 34, 37, or 42, 
CHARACTERIZED in that it is shaped as a half- 
barrel or a symmetrical or asymmetrical barrel. 

50. A lens according to Claim 49, CHARACTERIZED in 
that the channels thereof establish a number of lay- 
ers arranged round the tens longitudinal axis and 
having the same total cross-sectional areas of the 
channels belonging to said layers, the bending radii 
in the bent channels decreasing in the direction 
from the lens longitudinal axis towards the lens 
periphery. 
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51. A lens according to Claim 50, CHARACTERIZED in 
that the channels thereof are established by the 
inner walls of glass mono- or polycapillaries. 

52. A lens according to Claim 51 , CHARACTERIZED in 
that the radii of curvature of all bent channels are 
not in excess of 

R c = 2d/e 2 c , 

where d is the channel diameter; and 

© c is the the critical angle of reflection for 
the lowest-energy particles In the spec- 
trum of the radiation being transferred. 

53. A lens according to Claim 51 , CHARACTERIZED in 
that the radii of curvature of all bent channels have 
a minimum value of 

R c = 2dA=> 2 , 

where d is the channel diameter; and 

© c is the critical angle of reflection for the 
highest-energy particles in the spectrum 
of the radiation being transferred. 

54. A lens according to Claim 51 , CHARACTERIZED in 
that the radii of curvature of ail channels having a 
bend are inversely proportional to the number of the 
layers said channels belong to, the number of said 
layer being counted in the direction from the lens 
longitudinal axis, and are not in excess of 

R c = 2d/© 2 , 

where d is the diameter of an individual channel ; 
and 

0 C is the critical angle of reflections for 
the lowest-energy particles in the spec- 
trum of the radiation being transferred. 

55- A lens according to Claim 51 , CHARACTERIZED in 
that curvature of the bent channels is variable along 
the length of the lens. 

56. A lens according to Claim 55, CHARACTERIZED in 
that the curvature of the channels varies along the 
lens length monotonically. 

57. A lens according to any one of Claims 31 through 
37, 39 through 42, 44, 46, 47, and 50 through 56, 
CHARACTERIZED in that it comprises channels 
having helical-shaped reflecting surface. 

58. A lens according to Claim 57, CHARACTERIZED in 
that all channels having said helical-shaped surface 
feature the same hand of helix of the helical sur- 
face. 



59. A lens according to Claim 57, CHARACTERIZED in 
that it comprises channels, wherein their helical 
surfaces feature both hands of helix 

5 60. A lens according to any one of Claims 31 through 
37, 39 through 42 f 44, 46, 47, 50 through 56, 58, 
and 59. CHARACTERIZED in that coatings are 
applied to the inner walls of the channels, said coat- 
ings having at least one player and establishing, 

10 together with the walls themselves, a multilayer 
structure featuring different electomagnetic proper- 
ties of the adjacent layers thereof. 

61. A lens according to Claim 60, CHARACTERIZED in 
is that the interfaces-between at least two adjacent 

media are in the other phase state compared with 
their base layer. 

62. A lens according to any one of Claims 31 through 
so 37, 39 through 42, 44, 46, 47, 50 through 56, 58, 

59, and 61, CHARACTERIZED in that diffraction 
structure having one or more periods are applied to 
the inner walls of the radiation-transfer channels. 

25 63. A lens according to Claim 33, CHARACTERIZED in 
that the channels are radially oriented and have butt 
ends located on two concentric spherical surfaces 
(34, 35), a possibility being provided for radiation 
capture within the limits of the quadruple magnitude 

30 of the critical angle of reflection and for a single 
reflection of the radiation from the inner waits of the 
channels when the radiation source (1) is located 
on the lens optical axis and is spaced apart from 
the inner spherical surface (34) a distance equal to 

35 half its radius. 

64. A lens according to any one of Claims 31 through 
37, 39 through 42, 44, 46, 47, 50 through 56, 58. 
59. 61 , and 63. CHARACTERIZED in that it is built 

40 up of a set of miniature lenses (33) having a total 
cross-section variable along the length of the lens 
according to the longitudinal profile thereof 

65. A lens according to Claim 38, CHARACTERIZED in 
45 that each of the modules is in fact a miniature lens. 

66. A lens according to Claim 64, CHARACTERIZED in 
that the miniature lenses (33) differ from one 
another in radiation capture angles and focal 

so lengths. 

67. A lens according to any one of Claims 31 through 
37. 39 through 42, 44, 46, 47, 50 through 56, 58, 
59, 61, 63. 65, and 66, CHARACTERIZED in that 

55 bit comprises radiation transfer channels which are 
randomly arranged across the cross-section 
thereof and outnumber the orderly arranged chan- 
nels of the lens. 
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